The molecular mechanism of the autolysis of rat a-chymotrypsin B was investigated. In addition to the two already known autolytic sites, Tyr146 and Asn147, a new site formed by Phe114 was identified. The former two sites and the latter one are located in the autolysis and the interdomain loops, respectively. By eliminating these sites by site-directed mutagenesis, their involvement in the autolysis and autolytic inactivation processes was studied. Mutants Phe114 !Ile and Tyr146 !His/Asn147 !Ser, that had the same enzymatic activity and molecular stability as the wild-type enzyme, displayed altered routes of autolytic degradation. The Phe114 !Ile mutant also exhibited a significantly slower autolytic inactivation (its half-life was 27-fold longer in the absence and sixfold longer in the presence of Ca 21 ions) that obeyed a first order kinetics instead of the second order displayed by wild-type chymotrypsin inactivation. The comparison of autolysis and autolytic inactivation data showed that: (a) the preferential cleavage of sites followed the order of Tyr146-Asn147 ! Phe114 ! other sites; (b) the cleavage rates at sites Phe114 and Tyr146-Asn147 were independent from each other; and (c) the hydrolysis of the Phe114-Ser115 bond was the rate determining step in autolytic inactivation. Thus, it is the cleavage of the interdomain loop and not of the autolysis or other loops that determines the half-life of chymotrypsin activity.
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A number of physiological studies on humans, rats and pigs show that chymotrypsin and trypsin activities in the intestinal contents continuously decrease from the duodenum onwards and only a fraction survives the transit to the distal ileum [1 -3] . However, it is not clear if the inactivation process is autolytic (auto-degradation of the proteases) or heterolytic [degradation by other protease(s)]. The key structural determinants of degradation are also unknown. Early in vitro studies [4 -7] showed that the autolytic inactivation of bovine a-chymotrypsin A was a bimolecular process that followed second order kinetics and was faster in the absence of Ca 21 ions. These studies and our preliminary work on rat a-chymotrypsin B identified three autolytic cleavage sites located in two very mobile loop segments. They are Leu13 in the propeptide region, and Tyr146 and Asn148 (Asn147 in the rat enzyme) in the so-called autolysis loop. Interestingly the autolysis at these sites, that results in various cleaved, yet active, forms [8] , is much faster than at other potential chymotrypsin cleavage sites located in accessible surface loop regions (Trp27, Phe71, Phe94, Phe114, and Trp207, mentioning only bulky aromatic residues that are most preferred by chymotrypsin [9, 10] Fig. 1 .)
The aim of the present work was to explore the molecular mechanism of chymotrypsin autolysis and autolytic inactivation. Throughout this article the term 'autolysis' refers to any kind of self-cleavage, while 'autolytic inactivation' refers only to those self-cleavages that lead to a significant decrease or loss of enzymatic activity. Our study was focused on the role of cleavages at three autolytic sites: Tyr146-Asn147 in the 15 amino-acid autolysis loop (positions 141-155), and Phe114 located in the interdomain loop, a 23 amino-acid peptide segment (positions 109-132), connecting the two b barrel domains of chymotrypsin (Fig. 1) . The reason for choosing Phe114 was our preliminary observation that, besides Leu13, Tyr146 and Asn147, self-cleavage at Phe114 could also be detected. Furthermore, there is a conservative autolytic site Arg117 in the interdomain loop of trypsin that has recently been shown to be the primary site of autolytic inactivation of this closely related protease [11] . Here we report the effects of elimination by site-directed mutagenesis of autolytic sites Phe114, Tyr146 and Asn147 on the processes of autolysis and autolytic inactivation.
M A T E R I A L S A N D M E T H O D S

Enzymes
For practical reasons, instead of wild-type chymotrypsinogen, a variant of rat chymotrypsinogen (denoted as D-chymotrypsinogen) was used throughout this study. The use of trypsin as an activator of the zymogen, for example, would not be practical as it might also cleave undesirable sites of chymotrypsin. D-Chymotrypsinogen is a chimera constructed to contain a trypsinogen propeptide instead of the Cys1-Cys122-linked wild-type chymotrypsinogen peptide. D-Chymotrypsinogen also contained a Cys122 !Ser substitution. The activator enterokinase, due to its specific cleavage site preference is unable to digest D-chymotrypsinogen at sites other than the activation site. Furthermore, the trypsinogen propeptide in the chimera proved to be more efficient in protecting the zymogen from nonspecific activation and subsequent autolysis in the heterologous yeast expression system that was used [12] . The enzymatic activities and the substrate specificity profiles of this variant enzyme and wild-type rat chymotrypsin were compared in an earlier study and they proved to be identical (see [12] and Table 1 ). Similarly, the molecular stability of D-chymotrypsin(ogen) was found to be the same as that of wild-type chymotrypsin(ogen) at the pH, ionic strength and temperature that were used during the auto-degradation and auto-inactivation experiments [13] . Also, the autolytic inactivation rates of d-chymotrypsin and wild-type chymotrypsin were very similar (Table 2 ).
Mutants and their construction
Seven chymotrypsin mutants were constructed: Phe114 !Ile, Phe114 !Gly, Phe114 !Asp, Tyr146 !His, Tyr146 !Ser, Tyr146 !His/Asn147 !Ser, Tyr146 !Ser/ Asn147 !Asp. The results obtained with only three, a Phe114 !Ile interdomain loop mutant as well as Tyr146 !His and Tyr146 !His/Asn147 !Ser autolysis loop mutants, are described here for the following reasons. The interdomain loop mutants, Phe114 !Asp and Phe114 !Gly, due to their reduced molecular stability and decreased enzymatic activity, were excluded from autolysis experiments; the autolysis loop mutants, Tyr146 !His and Tyr146 !Ser, were constructed only to test whether the autolysis loop was indeed cleaved at Asn147; the Tyr146 !Ser/Asn147 !Asp autolysis loop mutant had exactly the same molecular, enzymatic and autolytic properties as the Tyr146 !His/Asn147 !Ser mutant. An Ala160 !Leu variant of a rat trypsin mutant with chymotrypsin-like specificity (referred to here as 'mutant trypsin') was also used [14, 15] . Its chymotrypsin-like specificity profile resulted from amino-acid replacements at Fig. 1 . The position of the interdomain and autolysis loops and the most accessible autolytic sites in chymotrypsinogen. The molecular model (top) displays bovine chymotrypsinogen, the schematic diagram (bottom) shows rat D-chymotrypsinogen. Domain 1 is cyan, domain 2 is green, the interdomain and the autolysis loops are magenta. In the molecular model, the autolytic sites that were mutated, Phe114 and Tyr146, are in red, other potential chymotrypsin cleavage sites on the molecular surface in loop regions are shown in blue. Asn147 and Leu13 are not displayed because they are in disordered molecular regions and are not visible in the X-ray structure. In the schematic diagram, the disulfide bonds are symbolized by dots connected by lines. Phe130, also in the interdomain loop (Fig. 6 ), is not shown as an autolytic site because it is in a slowly cleavable peptide bond with Pro131. Indeed, cleavage at this site could not be detected. [16] in M13 vector DNA, and were subcloned into a yeast expression vector. The substitutions were confirmed by DNA sequencing.
Enzyme preparation
The zymogen forms of wild-type and mutant rat chymotrypsin and trypsin were produced in a yeast expression system [17] . The isolation from the culture medium was performed as described previously [12] . The zymogens were activated by overnight incubation with enterokinase (Biozym) at room temperature, at a ratio of 20 U enterokinase per mg zymogen in 50 mM Tris/HCl buffer (pH 8.0) containing 10 mM CaCl 2 in the presence of soybean trypsin inhibitor Agarose affinity resin (3 -5 mL : mg 21 zymogen; Sigma Chemical Co.). The remaining zymogens and other impurities were removed by washing the resin with 4-5 vol. of 50 mM Tris/HCl buffer (pH 8.0), containing 10 mM CaCl 2 and 0.5 M NaCl. The pure active enzymes were eluted with 0.1 M formic acid containing 10 mM CaCl 2 . The enzymes were dialyzed against solution containing 2.0 mM HCl, 10 mM CaCl 2 and stored at 220 8C. All of the enzyme preparations were shown to be at least 95% pure by SDS/PAGE with Coomassie staining. The protein and active enzyme concentrations were determined as described previously [13] .
Enzyme activity measurements
Enzyme assays were carried out in a buffer containing 50 mM Hepes, 10 mM CaCl 2 , 100 mM NaCl, pH 8.0 (assay buffer), at 37 8C in 700 mL final volume. Amidolytic activity was measured by following the liberation of 7-amino-4-methylcoumarin from succinyl-Ala-Ala-ProXaa-NHMec substrates (where NHMec represents the 7-amino-4-methylcoumarin acylated amidase substrates) [18] at 460 nm emission and 380 nm excitation wavelengths in a Spex Fluoromax 2000 spectrofluorimeter. Xaa, the amino acid N-terminal to the scissile bond, was Phe, Tyr or Lys as specified in Table 1 . The instrument was calibrated with 7-amino-4-methylcoumarin. Steady state kinetic parameters were determined at a final enzyme concentration of 1.0 nM. The kinetic constants, k cat and K m , were calculated after curve fitting with computer program ORIGIN 5.0 (Microcal Software, Inc.).
To follow heat inactivation, k cat /K m values were determined at different temperatures from the slope of initial rates of succinyl-Ala-Ala-Pro-Phe-NHMec hydrolysis as described previously [13] .
Detection and identification of cleavage intermediates
The zymogens of D-chymotrypsin and the mutant enzymes were incubated in the assay buffer, at 37 8C, in a final concentration of 1.0 mM, with 0.1 mM active -chymotrypsin (10 : 1 molar ratio). One-hundred microliter aliquots (0.2 mg zymogen) were withdrawn at various incubation times and were immediately added to 20 mL of 20% (w/v) sulfosalicylic acid. After 30 min on ice the precipitates were sedimented by centrifugation at 17 000 g for 15 min. After the removal of supernatants, the pellets were resuspended in 20 mL SDS and 2-mercaptoethanol containing loading buffer and boiled for 5 min: 15-mL samples were analysed with SDS/PAGE (17.5% acrylamide, 0.47% bisacrylamide gel). Zero time samples were prepared instantly after the addition of -chymotrypsin to the zymogen containing reaction mixture. For N-terminal sequencing of the major bands, the gels were blotted onto poly(vinylidene fluoride) filters (Millipore).
Determination of the autolytic inactivation rates
The active enzymes were incubated in the assay buffer at 37 8C at a 1.0 mM initial concentration. For determining residual activity, 10-to 20-mL aliquots were withdrawn, and amide hydrolysis rates were measured on succinyl-Ala-AlaPro-Phe-NHMec substrate (or on succinyl-Ala-Ala-ProLys-NHMec for trypsin activity) at saturating concentrations (100 mM). To investigate autolytic inactivation in the absence of Ca 21 , CaCl 2 was omitted from, and EDTA (at a 1.0-mM final concentration) was added to, the assay buffer during enzyme incubations. The residual activity measurements were conducted in the Ca 21 -containing assay buffer. In cross digestion experiments, when two proteases of different specificity were incubated together to measure heterolytic inactivation, the molar ratio of the active enzymes was 1 : 1 (< 1.0 mM each). The inactivation rate constants were obtained from the equations found by curve fitting with the ORIGIN [E] was considered to be linearly proportional to the measured enzyme activity. The autolytic inactivation of wild-type and D-chymotrypsin proved to be an invariably second order reaction in the investigated 6-h reaction time and in the 0.1-2.0 mM concentration range.
Computer graphics
The type and the number of interactions of the autolysis and interdomain loops were determined with MIDAS software [19, 20] using three chymotrypsin, and one chymotrypsinogen structures (PDB accession numbers, 4CHA, 6GCH, 1CGJ and 1CHG, respectively). For finding van der Waals contacts, the calculation method in [21] was used.
R E S U L T S
The enzymatic activity and molecular stability of the mutants
The catalytic activity and the molecular stability of the mutants were assayed because a change in either of these parameters would significantly influence autolysis. The kinetic constants in Table 1 show that the Phe114 !Ile, the Tyr146 !His and the Tyr146 !His/Asn147 !Ser substitutions did not change the catalytic activity of D-chymotrypsin. Molecular stability was determined by measuring heat inactivation, which was found to be a sensitive marker of the stability of chymotrypsin [13, [22] [23] [24] . Figure 2 demonstrates that the stability of D-chymotrypsin and the Phe114 !Ile and Tyr146 !His/ Asn147 !Ser mutants were the same. Furthermore, the sensitivity of D-chymotrypsin and Tyr146 !His/Asn147 ! Ser D-chymotrypsin to tryptic cleavage was the same as seen from their inactivation rates in the presence of equimolar amounts of trypsin ( Table 2 ).
The cleavage of the interdomain and autolysis loops
To follow the autolysis of D-chymotrypsin and the mutants, the gel-electrophoretic patterns of their digests were compared. As under the conditions of a routine autolysis experiment (1.0 -0.2 mM enzyme concentration) the self degradation of the active enzymes was too fast to follow, the inactive zymogen forms were digested as substrates of D-chymotrypsin at a 10 : 1 molar ratio. This experimental approach should only influence the rate but not the mechanism of cleavage reaction(s), because: (a) the mutants and D-chymotrypsin have identical enzymatic properties (Table 1) , and (b) the X-ray structures of the zymogen and active forms do not show structural differences in most of the structure including the autolysis and interdomain loop regions [25] . The most abundant cleavage intermediates and the corresponding cleavage sites, that were identified with N-terminal sequencing, are shown in Fig. 3A . The pattern of fragments depends on the relative rate of cleavages at sites 114, 146 and 147 according to the following: Fragments I and IV (peptides Ile16-Tyr146 and (Asn147)Ala148 -Thr245, respectively) dominate when the rate of cleavage at site 146 (and 147) in the autolysis loop is higher than at site 114 in the interdomain loop. On the other hand, fragments II and III (peptides Ser115 -Thr245 and Ile16 -Phe114, respectively) prevail when the cleavage at site 114 is faster than at sites 146 and 147.
Significant differences were found between D-chymotrypsinogen and the three D-chymotrypsinogen mutants in the preferred cleavage sites during their degradation by D-chymotrypsin, as it is demonstrated by the dissimilar gel patterns on panels a -d in Fig. 3B . The appearance of fragments I and IV as the first ones in the degradation of D-chymotrypsinogen and the Phe114 !Ile interdomain loop mutant (panels a and b, respectively) indicates that in both processes the cleavage was faster in the autolysis loop (at Tyr146/Asn147) than in the interdomain loop (at Phe114). The lack of temporary accumulation of fragment III during the degradation of the Phe114 !Ile interdomain loop mutant clearly indicates that the cleavage of interdomain loop was effectively prevented (panel b). At the same time, the relatively permanent accumulation of cleavage fragments I and IV in the course of the Phe114 !Ile D-chymotrypsinogen degradation (but not in D-chymotrypsinogen degradation, compare panels a and b) shows that the degradation process was arrested after the cleavage of the autolysis loop. This indicates that the hydrolysis of the Phe114-Ser115 bond was a prerequisite for further cleavage(s). Thus inferred from the relative rates of fragment formation, the cleavages of the sites were in the order: Tyr146/Asn147 ! Phe114 ! other sites. The weakness of bands of fragments I and IV and the appearance of fragment II in the degradation of the Tyr146 !His/Asn147 !Ser mutant (panel d) indicated a significant decrease in the rate of cleavage of the autolysis loop. At the same time the amount of fragment III was similar to that observed in the degradation of D-chymotrypsinogen (panel a) showing that the rate of cleavage in the interdomain loop did not change in the Tyr146 !His/Asn147 !Ser mutant. It is also clear from comparisons of panels c and d that the hydrolysis rates of the Tyr146-Asn147 and the Asn147-Ala148 bonds were similar and that, indeed, the replacement of Asn147 was also necessary to achieve a significant restriction in the cleavage of the autolysis loop.
Autolytic inactivation of D-chymotrypsin and the Phe114 !Ile and Tyr146 !His/Asn147 !Ser D-chymotrypsin mutants
The autolytic inactivation rate constants and half-lives, obtained from time dependence curves of the residual activities, are summarized in Table 2 . The autolytic inactivation of D-chymotrypsin and the Tyr146 !His and Tyr146 !His/Asn147 !Ser D-chymotrypsin mutants displayed the same half-life and kinetics in both the presence and the absence of Ca 21 ions, indicating that the Tyr146 !His and the Asn147 !Ser substitutions altered neither the rate nor the kinetics of autolytic inactivation. In contrast, the Phe114 !Ile substitution caused substantial changes that were Ca 2^d ependent. In the presence of Ca 21 ions, the inactivation rate was sixfold slower (compare the half-lives of D-chymotrypsin and the Phe114 !Ile mutant) and there was also a switch from a second to a first order kinetics. In the absence of Ca 21 ions, the decrease in autolytic inactivation rate was more pronounced (it was 27-times slower) but the kinetics remained second order. Thus, the Phe114 !Ile mutation reduces the effect of Ca Two further sets of experiments were performed to test the role of cleavages in the interdomain and autolysis loops in the inactivation of chymotrypsin. At first, D-chymotrypsin and the interdomain and autolysis loop mutants were subjected to digestion with trypsin. For this protease there is no cleavage site in the interdomain loop of rat chymotrypsin (see below). These heterolytic reactions were followed by measuring inactivation rather than identifying cleavage products from the digestion of the zymogens because due to a fast chymotrypsinogen activation by trypsin and subsequent autolysis the resulting electrophoretic patterns became too complex to analyse. The inactivation rate constants and half-lives in Table 2 show that, in the presence of equimolar amount of trypsin, only the inactivation rate of Phe114 !Ile D-chymotrypsin was accelerated, while that of D-chymotrypsin and Tyr146 !His/Asn147 !Ser D-chymotrypsin remained the same. In a second set of experiments, a . The zymogens and D-chymotrypsin were incubated at a molar ratio 10 : 1 in the assay buffer at 37 8C. The samples, withdrawn at the incubation times shown above the lanes, were precipitated with sulfosalicylic acid. The pellets were dissolved in 2-mercaptoethanol containing loading buffer and after boiling for 5 min they were analyzed in 17.5% acrylamide-SDS gels.
trypsin mutant with chymotrypsin-like activity (Table 1) was subjected to autolysis and digestion with D-chymotrypsin and trypsin. Interestingly, despite the presence of four potential chymotrypsin cleavage sites in its surface loop regions (the interdomain loop does not contain such sites), this mutant trypsin did not show any sign of autolysis (not shown) or autolytic inactivation even after incubation for 6 days (Table 2) . D-Chymotrypsin was not able to degrade and inactivate this mutant. It could, however, be inactivated by digestion with an equimolar amount of trypsin.
D I S C U S S I O N
The structural determinants of autolysis and autolytic inactivation of rat D-chymotrypsin (a propeptide deficient variant of the wild-type enzyme, see Materials and methods) were studied. The cleavage rates in a well-ordered long loop, connecting the two b barrel domains of chymotrypsin (interdomain loop), and in a disordered loop, known as autolysis loop, were changed by the elimination of autolytic sites Phe114 and Try146-Asn147 in the former and latter loops, respectively.
As deduced from the formation of cleavage fragments during the digestion of D-chymotrypsinogen and its mutants by D-chymotrypsin (Fig. 3B) , the order and speed of cleavages are as follows: the rapid cleavage of the Tyr146-Asn147 and/or the Asn147-Ala148 bond(s) in the autolysis loop precedes the slower hydrolysis of the Phe114-Ser115 bond in the interdomain loop which, in turn, is followed by cleavages at numerous other sites that result in a complete decomposition of the protein (Fig. 4) . Furthermore, as the Phe114 !Ile substitution did not influence the cleavage at Tyr146-Asn147 and, similarly, the Tyr146 !His/Asn147 !Ser replacements did not affect the cleavage at Phe114, one can conclude that these cleavage reactions in the two loops proceed independently from each other. In contrast, peptide bond hydrolysis at sites other than Tyr146 and Asn147 appears to depend on the cleavage at Phe114. Indeed, the Phe114 !Ile mutation reduced the rate of degradation at these sites. Thus, we propose that the degradation rate of D-chymotrypsinogen is determined by the cleavage at Phe114 in the interdomain loop, rather than by cleavages in the autolysis loop.
The Phe114 !Ile but not the Tyr146 !His/Asn147 !Ser replacement increased the half-life of autolytic inactivation. It was sixfold in the presence, and 27-fold in the absence of Ca 21 ions. As these mutations did not have detectable effect on the enzymatic properties and molecular stability, the difference can be related only to the fact that the Phe114 !Ile but not the Tyr146 !His/Asn147 !Ser substitution reduced the autolytic degradation of the enzymatically active molecular forms. Therefore, from the slower autolytic inactivation of the Phe114 !Ile mutant it can be inferred that the cleavage at Phe114 accelerates the hydrolysis at some other chymotrypsin cleavage sites to at least 6-or 27-fold, dependent on the presence or absence of Ca 21 ions, respectively. The mechanism of autolysis and autolytic inactivation of D-chymotrypsin, as deduced from our observations, is summarized in Fig. 4 .
Based on recent modelling studies of a number of proteolytic sites in various proteins, Hubbard and coworkers [26] suggested that preferential cleavage site recognition is controlled by local unfolding and structural adaptation to the enzyme's active site. The spontaneous local unfolding, resulting from thermally driven structural fluctuations, is influenced by factors such as the number of local interactions, the proximity of secondary structure elements and solvent accessibility [27] . Consistent with this proposal, preferred proteolytic sites are conspicuously absent from peptide segments of extended secondary structures, especially from b sheets, and are typically found, in loosely packed, flexible loop regions [28] [29] [30] [31] [32] . The preference for Tyr146/Asn147 over Phe114 in D-chymotrypsin autolysis can be viewed as such a case. Although both cleavage site regions are in surface loops, there is a huge difference in the number of stabilizing interactions and, consequently, in their flexibility. Tyr146/Asn147 are in the disordered autolysis loop, whereas Phe114 is in the well defined, stable structure of the interdomain loop (Fig. 5) . A reduced cleavage site recognition in the stable structure of the interdomain loop, is also demonstrated by the lower rate of cleavage at Phe114 than at Asn147 (see the rapid cleavage of the autolysis loop in the Tyr146 !His D-chymotrypsinogen mutant Fig. 3B, panel c) , despite the fact that Phe is two orders of magnitude more favourable than Asn for chymotryptic cleavage as shown on synthetic substrates [9, 10] .
In contrast to the preference of Tyr146/Asn147 over Phe114, the structural origin of preference for Phe114 over other sites, which is 27-fold in the absence and sixfold in the presence of Ca 21 ions, cannot be explained by the structural parameters that determine spontaneous local unfolding. Namely, there is no difference in these parameters between the interdomain loop and those surface loops that also contain chymotrypsin recognition sites (these are Trp27, Phe71, Phe94 and Trp207; Fig. 1 ). In fact, an algorithm by Hubbard and coworkers [27] found only Tyr146 as a preferred site for chymotrypsin, but neither combination of relevant parameter weights (number of local interactions, the proximity of secondary structure elements and solvent accessibility) could distinguish Phe114 from the four potential chymotrypsin cleavage sites above (result not shown). We suppose that Phe114 is preferred because the active site of the attacking chymotrypsin molecule can induce a local unfolding around Phe114 but not around the other sites. This assumption is consistent with the second order kinetics of D-chymotrypsin autolytic inactivation. It is also supported by our observation that, in the presence of Ca 21 , the second order kinetics is changed to a first order kinetics (controlled by spontaneous unfolding) only when, upon Phe114 !Ile substitution, the rate limiting cleavage does occur not at Phe114. An ability to induce unfolding during proteolysis has been suggested in the action of collagenolytic enzymes [33, 34] , as their cleavage sites are in tightly packed, rigid structures where thermal fluctuations and spontaneous unfolding are restricted. Similarly, a slight structural deformation induced by trypsin has been hypothesized as a prerequisite for an efficient activation cleavage of chymotrypsinogen [25] .
The high conformational flexibility in the disordered structure of the autolysis loop that, at the same time, is confined by the flanking segments of the compact b barrel structure of the second domain, can efficiently buffer and keep local the impacts of peptide bond hydrolysis. In addition, the fragments of cleavage remain covalently linked through a disulfide bond between Cys131 and Cys201. By contrast, the ordered interdomain loop has a number of tight interactions with the surrounding structures (Fig. 5 ) that are probably lost when the loop is cleaved. Indeed neither such strong interaction as those within a b barrel, nor disulfide bond(s) stabilize the relative position of the cleavage fragments, the two domains of chymotrypsin. Therefore, peptide bond hydrolysis in this loop, but not in the autolysis loop, can cause a great increase in the accessibility and subsequent cleavage of other sites like Trp27, Phe71, Phe94 and Trp207, that are partially buried on the domain interface (Fig. 1) . This is why it is the interdomain loop where the inactivation and complete decomposition of chymotrypsin can begin. This conclusion is supported by two observations: (a) the disappearance of not only fragment I, that contains cleavage site Phe114, but also of fragment IV is significantly slower in the degradation of Phe114 !Ile mutant (Fig. 3) ; (b) trypsin, that has cleavage sites only outside the interdomain loop in rat chymotrypsin (Fig. 6) , does not affect the inactivation of D-chymotrypsin. It is also consistent with the earlier finding on a closely related protease, trypsin, that the presence of a conserved autolytic site, Arg117, in the interdomain loop is essential to its autolytic inactivation [11] . The control of half-life by the Fig. 6 . Sequence alignment of the interdomain and autolysis loops of mammalian chymotrypsins and trypsins. The enzyme that was used in this study, rat chymotrypsin B, is highlighted by bold type. The loops are boxed and labelled. Chymotryptic and tryptic cleavage sites (F, Y, W and K, R, respectively) in surface positions are highlighted by bold capital letters. The sites where substitutions were performed in the mutants are underlined in the rat chymotrypsin sequence. The secondary structure elements are marked above the sequences: ¼ ¼ ¼, b-barrel segment; , 2 ., b-turn. Amino acids that belong to the two domains are on shaded background: domain 1 is from amino acid 1 through 108, domain 2 is from amino acid 132 through 245. Chymotrypsin numbering is used.
cleavage in the interdomain loop is also demonstrated by the autolytic inactivation of a mutant trypsin with chymotrypsin-like activity. It is very slow because the recognition sites for chymotrypsin are only outside of the interdomain loop in this basically trypsin-like structure (Fig. 6 ) in less accessible positions. An alternative explanation that the mutations stabilized the molecule is not supported by either heat denaturation data (not shown) or the fact that the inactivation of this mutant by added trypsin is several times faster than the autolytic inactivation of wild-type trypsin (Table 2) .
Finally it is of interest regarding the in vivo mechanism of inactivation, that chymotrypsin and trypsin, mixed in concentration ratios close to those in the intestines, did not expedite the inactivation of each other (Table 2 ). This suggests that autolysis might predominate over heterolysis in the initiation of the physiological inactivation of these enzymes. Consistent with this notion is the fact that the interdomain loop autolytic sites are conserved in pancreatic trypsins and chymotrypsins (Fig. 6) .
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